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(57) ABSTRACT

The present disclosure provides a method and a correspond-
ing device for extending the illumination of an object under
investigation. The object under investigation is illuminated
with an electromagnetic microwave signal which is transmit-
ted from a transmission antenna. The microwave signal
reflected from the object under investigation is received by at
least one reception antenna. An image of the object under
investigation is reconstructed through synthetic focusing of
the reflected microwave signal. At least one reflector element
is arranged orientated towards the object under investigation
and the microwave signals reflected from the reflector ele-
ment and from the object under investigation are received in
a reception antenna and used for the reconstruction of the
image of the object under investigation in addition to the
microwave rays from a transmission antenna which strike the
object under investigation without reflection on the reflector
element and are received by the reception antenna without
reflection on the reflector element.
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METHOD AND A DEVICE FOR EXTENDING
THE ILLUMINATION OF A TEST OBJECT

The invention relates to a method and a device for extend-
ing the illumination of an object under investigation with an
electromagnetic microwave signal.

Systems with microwaves and millimeter waves are being
developed for the detection of objects made from non-metal-
lic materials. While millimeter waves are only reflected
slightly or not at all in air or under a covering of an object
under investigation, by way of contrast, an almost complete
reflection takes place with metallic objects and objects with a
high water content such as the human skin and human tissue.

A method for detecting a concealed dielectric object is
disclosed in DE 10 2009 040 450 Al. In this context, a
microwave signal with a given bandwidth is generated and
transmitted by transmission antennas in the direction towards
the object under investigation, for example, a human body of
which the clothing conceals a sought object. These micro-
wave signals are reflected on the human body and also on
objects kept concealed under the clothing and received in
several associated reception antennas. The focusing of the
received microwave radiation on the three-dimensional con-
tour of the object under investigation is achieved through a
synthetic focusing, for example, at the transmitter end with a
digital beam-forming algorithm and/or with a receiver-end
focusing by measuring the modulus and phase of the reflected
millimeter waves.

In the case of an irradiation with microwaves in the near
range, an image of such strongly reflecting objects shows a
reduced illumination of the edge regions as a result of the
strong reflection of the radiation at a smooth surface. Accord-
ingly, the region of an object under investigation which is
visible in an image is restricted. This is conventionally
achieved by enlarging the transmission/reception aperture,
that is, by enlarging the area on which the transmission and
reception antennas are arranged. However, such a large-area
antenna arrangement is associated with high costs and
achieves only a limited extension of the visible and illumi-
nated region of the object under investigation.

Accordingly, the object of the invention is to provide a
method and a device which allow/s a significant extension of
the illumination of an object under investigation without cost-
intensive enlargement of the transmission/reception equip-
ment and which is therefore cost favourable.

This object is achieved by the method according to claim 1
and the device according to claim 11. Advantageous further
developments of the method according to the invention and
respectively the device according to the invention are speci-
fied in the dependent claims.

With the method according to the invention for extending
the illumination of an object under investigation, an object
under investigation is illuminated with an electromagnetic
microwave signal which is transmitted from a transmission
antenna. The microwave signal reflected from the object
under investigation is received by at least one reception
antenna. An image of the object under investigation is recon-
structed through synthetic focusing of the reflected micro-
wave signals. According to the invention, at least one reflector
element is arranged orientated towards the object under inves-
tigation.

The microwave signals reflected from the reflector element
and from the object under investigation are preferably
received in a reception antenna and used for the reconstruc-
tion of the image of the object under investigation in addition
to the microwaves from a transmission antenna which strike
the object under investigation without reflection on the reflec-
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tor element and are received by the reception antenna without
reflection on the reflector element.

A reflector element which is embodied, for example, as a
metallic arrangement or provides a metallised surface on
which the microwave signals are strongly reflected is avail-
able at low cost and can be orientated towards the object under
investigation in a simple and optionally variable manner.
With the reflector element, a considerably larger proportion
of the transmitted signals is used for the reconstruction.

Furthermore, it is advantageous if those microwave signals
are used for the synthetic focusing which are transmitted from
a transmission antenna then reflected from the reflector ele-
ment to the object under investigation and reflected from the
objectunder investigation to a reception antenna, and/or those
microwave signals are used which are transmitted from a
transmission antenna, reflected from the object under inves-
tigation in the direction towards the reflector element and
reflected from the reflector element to a reception antenna,
and/or those microwave signals are used which are transmit-
ted from a transmission antenna then reflected from a reflec-
tor element to the object under investigation, reflected from
the object under investigation to the reflector element and
from there to a reception antenna.

Accordingly, all of the signals which are reflected up to
three times on their way to the reception antenna, are used for
the synthetic focusing and accordingly for the reconstruction
of'an image of the object under investigation. In this context,
it is particularly advantageous that the additionally gained
proportion of the received signals supplies information about
previously non-illuminated surface regions of the object
under investigation and therefore an image of this surface
region can be reconstructed.

It is also advantageous if a virtual position of the transmis-
sion antenna is determined through reflection of the real posi-
tion of the transmission antenna on the reflector element, and
a virtual position of the reception antenna is determined
through reflection of the real position of the reception antenna
on the reflector element. Such a virtual position of the trans-
mission or respectively reception antenna considerably sim-
plifies an algorithm for the synthetic focusing of the signals.
The term for the calculation of the image can be retained
without change, only the number and position of the trans-
mission and respectively reception antennas is extended.

It is also advantageous if only those microwave signals
received in the at least one reception antenna which are
received within a first time-window of which the limits are
formed by the minimal and respectively maximal delay time
of'a microwave signal which is reflected from a virtual trans-
mission antenna via the object under investigation to a real
reception antenna or from a real transmission antenna via the
object under investigation to a virtual reception antenna, is
allocated in the synthetic focusing to a virtual transmission
antenna and a real reception antenna or respectively to a real
transmission antenna and a virtual reception antenna. This
achieves a pre-selection of the received microwave signals
which can be transmitted or received by a virtual transmission
antenna or a virtual reception antenna. Accordingly, the cal-
culation time for evaluating the received microwave signals is
shortened, and the occurrence of artefacts or interference
components in the image is reduced.

The microwave signals received in the reception antennas
which are received within a second time-window are advan-
tageously allocated in the synthetic focusing to a real trans-
mission antenna or a real reception antenna, whereas the
limits of the second time-window are formed by the minimal
and maximal delay time of a microwave signal which is
reflected from a real transmission antenna via a virtual object
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under investigation reflected on the reflector element to a real
reception antenna. As a result of this pre-selection of the
received microwave signals which are reflected from a
reflected virtual object under investigation, the calculation
time for the synthetic focusing is also shortened and artefacts
in the image are avoided.

It is also advantageous if the determined position of the
virtual object under investigation is allocated to a real posi-
tion of the object under investigation by reflection on the
reflector element. As a result of this simple operation, a fur-
ther region of the object under investigation is determined in
its real position. A significantly extended region of the object
under investigation is displayed through images which have
been determined from the microwave signals in the first and
second time-window. Accordingly, using the microwave sig-
nals reflected on the reflector element, concealed objects can
be detected in a region of the object under investigation not
previously imaged.

It is also advantageous if the microwave signals which are
received in the first and second time-window are provided
with a weighting factor which compensates the attenuation of
the microwave signal in the case of a reflection on the reflector
element and the attenuation of the microwave signal resulting
from an increased delay time in air. Accordingly, the image of
the object under investigation from the reflector element is
matched in its display, for example, its brightness, to the
image of the object under investigation from the microwave
signals not reflected on the reflector element.

Several reflector elements are advantageously positioned
orientated towards the object under investigation, and the
microwave signals reflected from respectively from a reflec-
tor element and from the object under investigation and/or the
microwave signals reflected via several reflector elements and
from the object under investigation are received in a reception
antenna and used for the reconstruction of the image of the
object under investigation. For example, a first reflector ele-
ment can be positioned orientated at the side of the object
under investigation, and a second reflector element can be
positioned above the object under investigation, so that dif-
ferent surface regions of the object under investigation are
illuminated by different reflector elements, and the reflected
microwave signals can be used for the reconstruction of the
image. Accordingly, an image of the object under investiga-
tion can be extended by several regions at the same time with
a single measurement.

In this context, it is advantageous if several reflector ele-
ments are arranged respectively at a different spacing dis-
tance from the object under investigation, so that the delay
time of the microwave signals capable of being used for the
reconstruction of the image and reflected from different
reflector elements do not overlap. This allows a pre-selection
of the received microwave signals in a time-window corre-
sponding to the procedures already described.

Moreover, it is advantageous if the reflector element com-
prises at least three regions separated from one another which
each provide a diffuse reflecting surface, and the position and
distance of the reflector element is determined from the
microwave radiation which is reflected from these regions.
Accordingly, the position and distance of the reflector ele-
ment can be determined with the same algorithm which is
used for the reconstruction of an image of the object under
investigation, and accordingly, the arrangement can be cali-
brated. For example, if the reflector element is displaced
between two measurements, the new position and distance of
the reflector element can be determined automatically and
used in the calculation for the synthetic focusing.

20

25

30

40

45

55

4

A device according to the invention for extending the illu-
mination of an object under investigation corresponding to
the above named method comprises at least one transmission
antenna which transmits an electromagnetic microwave sig-
nal in the direction towards an object under investigation, at
least one reception antenna which receives the microwave
signal reflected from the object under investigation and a
processing unit which reconstructs an image of the object
under investigation from the reflected microwave signal
through synthetic focusing. According to the invention, at
least one reflector element is arranged orientated towards the
object under investigation.

It is advantageous if the position of the reflector element is
variable. As a result, for example, successive measurements
can be implemented with a different position of the reflector
element, and accordingly, different regions of the surface of
the object under investigation can be illuminated and dis-
played for every measurement.

Itis similarly advantageous if several reflector elements are
arranged orientated towards the object under investigation. In
particular, the several reflector elements are positioned ori-
entated at different sides orientated towards the object under
investigation and therefore allow different perspectives of the
object under investigation and its image in a single irradia-
tion.

It is advantageous if the at least one transmission antenna
and at least one reception antenna are embodied as an active
multi-static antenna array. In this manner, the microwave
signal transmitted by at least one transmission antenna is
received by at least one reception antenna, and the modulus
and phase position of the received signal is detected. The
transmission and reception antenna in this context are
arranged at spatially different positions.

Exemplary embodiments of the method according to the
invention and the device according to the invention are pre-
sented by way of example in the drawings and explained in
greater detail with reference to the following description. The
drawings show:

FIG. 1 an arrangement of transmission antennas and recep-
tion antennas which can be used for the method according to
the invention and respectively the device according to the
invention, in a plan view;

FIG. 2 a first exemplary embodiment of a device according
to the invention with a microwave signal corresponding to a
zero group of microwave signals which are received without
reflection on the reflector element, in a schematic view;

FIG. 3 the first exemplary embodiment of a device accord-
ing to the invention as shown in FIG. 2 with a microwave
signal corresponding to a first group of microwave signals, in
a schematic view;

FIG. 4 the first exemplary embodiment as shown in FIG. 2
with a microwave signal corresponding to a second group of
microwave signals, in a schematic view;

FIG. 5 the first exemplary embodiment according to FIG. 2
with a microwave signal corresponding to a third group of
microwave signals, in a schematic view;

FIG. 6 an example according to the invention of a received
signal subdivided into time-windows, in a schematic view;

FIG. 7 an exemplary embodiment according to the inven-
tion of a device as shown in FIG. 2 with an object under
investigation with extended image regions, in a schematic
view,

FIG. 8 asecond exemplary embodiment of a device accord-
ing to the invention with two reflector elements, in a sche-
matic view;

FIG. 9 afirst exemplary embodiment of a reflector element
according to the invention, in a lateral view;
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FIG. 10 a second exemplary embodiment of a reflector
element according to the invention, in a perspective view;

FIG. 11 a flow diagram of the method according to the
invention; and

FIG. 12 an exemplary image of a human body as provided
with the method according to the invention.

FIG. 1 shows an exemplary arrangement of transmission
antenna 5,, 5,, . .., 5, and reception antennas 6,, 6,, ..., 6,
in a two-dimensional antenna array 13, which can be used for
the illumination of an object under investigation 9 with
microwave signals. The microwave signal generated in a net-
work analyser 1 is supplied via the connecting line 2 to a
signal splitter, which is not illustrated, which splits the micro-
wave signal into identical partial microwave signals and
guides them in each case via a connecting line 2,,2,,...,2,
to a transmission-end focusing sub-unit4,, 4,, . . ., 4, of the
focusing unit 3 associated with the respective microwave
signal. In the individual transmission-end focusing sub-units
4,,4,,...,4,, each partial microwave signal is conditioned,
for example, with a digital beam-forming algorithm to the
extent that the respective partial microwave signal is focused
on the spatial point to be scanned, in each case by providing
corresponding phase displacements in transmission antennas
5,,5,,...,5,, forexample, in horn antennas, connected to the
focusing device 3. The partial microwave signals projected
onto an object under investigation 9, for example, a human
body, are reflected on the object under investigation 9 and also
on hidden objects 11 kept concealed within the clothing 10,
which is indicated with dotted lines.

The respectively reflected microwave signals are received
in the associated reception antennas 6, 6,, . . . , 6, and
supplied to downstream reception-end focusing sub-units 7,
75, ..., 7, of the focusing device 3. Via the connecting line
12,,12,,...,12 , the received partial microwave signals are
supplied to different ports of a vectorial multi-port analyser 1.
There, the moduli and phases of the individual partial micro-
wave signals relative to one another are registered, corre-
sponding to the respective distance of the spatial point to be
focused from each reception antenna 6, 6,, . . ., 6,,. Instead
of n transmission antennas 5, 5,, . . ., 5,,, a reduced number
of transmission antennas can also be used as an alternative.
Moreover, only a single transmission antenna without trans-
mission-end focusing can also be used. Furthermore, the
number of reception antennas 6, 6., . . . , 6, can be varied
corresponding to the desired reception-end focusing quality.
The transmission-end and/or the reception-end focusing pref-
erably takes place in a purely computational manner within a
processing device 3 and is referred to as a synthetic focusing.
A focusing through optical components, such as lenses, does
not take place.

In the device according to the invention and respectively
the method according to the invention, an antenna arrange-
ment 14, such as the antenna array 13 illustrated by way of
example, is operated in a bi-static or multi-static mode. In the
bi-static mode, a transmission antenna transmits a microwave
signal which is received by a reception antenna 6,, 6, ..., 6,
spatially separated from the transmission antenna 5,, 5,, . . .,
5,,. In the multi-static mode, several transmission antennas 5, ,
5,, ..., 5, transmit microwave signals, whereas the reflected
signal of every individual transmission antenna is received in
each case by a plurality of reception antennas 6, 6,, ..., 6,,.

The antenna arrangement 14 operates in the near-field
range, that is, the distance between the antenna arrangement
14 and the object under investigation 9 is only a small mul-
tiple of the dimensions of the antenna arrangement 14.
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For the synthetic focusing of the received microwave sig-
nal, a back-propagation algorithm corresponding to the fol-
lowing equation can be used, for example:

R(x, y,2) =

nE T PR

— - 27 |72 -
f‘ rmerrrx‘ -e+lb3f‘ Try ™ T voxel

+j—21r
M(f, &, rx)-e "0

=1 =l =l

Inthis context, M denotes the received microwave signal, t,.
and r, denote the position of a transmission antenna 5,,
5,,...,5,and reception antenna 6, 6,, . . ., 6,, of the antenna
arrangement 14. In this manner, a reflection value R is allo-
cated to every object point (X,y,z) in the three-dimensional
space. In order to increase the accuracy of the data, a mea-
surement can be performed over various frequencies f. The
reflection value R is then additionally summed over all avail-
able frequencies. However, the present invention is not
restricted to this focusing algorithm.

FIG. 2 shows a first exemplary embodiment of a device 20
for extending the illumination of an object under investiga-
tion 9. An antenna arrangement 14 with at least one transmis-
sion antenna 5 and at least one reception antenna 6 is arranged
at a distance from the object under investigation 9, which is
not substantially larger than the spatial dimensions of the
antenna arrangement 14. A reflector element 21 is now addi-
tionally arranged orientated towards the object under inves-
tigation 9. The reflector element 21 preferably provides a
metallised surface from which the microwave signals are
completely reflected. The reflector element 21 can be embod-
ied, for example, as a planar, two-dimensional surface. How-
ever, the reflector element 21 can also have a cylindrically
shaped surface, see FIG. 10, or a differently shaped surface.

The object under investigation 9 is illuminated with an
electromagnetic microwave signal 15 which is radiated from
the transmission antenna 5 of the antenna arrangement 14.
The microwave signal 16 reflected from the object under
investigation 9 is received by a reception antenna of the
antenna arrangement 14. Such a microwave signal which is
reflected from the object under investigation 9 without reflec-
tion on the reflector element 21 and received by a reception
antenna 6 of the antenna arrangement 14 will be referred to
below as a directly reflected microwave signal 37 or micro-
wave signal of a zero group.

The device 20 further comprises a processing device 3
which is connected to the antenna arrangement 14. The pro-
cessing unit 3 receives the received microwave signals from
the antenna arrangement 14 and reconstructs from them an
image of the object under investigation 9 using the synthetic
focusing already described.

The microwave rays and their propagation paths, which are
reflected by the reflector element 21 and used for the recon-
struction of the object under investigation 9, will now be
described with reference to FIGS. 3-7.

FIG. 3 shows the beam path of a first group of signals 34
which are used for the synthetic focusing of the object under
investigation 9, in which a microwave signal 15 transmitted
from a transmission antenna 5 is reflected from the object
under investigation 9 as a microwave signal 16 in the direction
towards the reflector element 21 and also received from the
reflector element 21 by a reception antenna 6 of the antenna
arrangement 14 as the microwave signal 16'. In this context,
the signal 16 and 16' corresponds to a microwave signal
which, with a straight-line propagation, would be received by
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a virtual reception antenna 6' of a virtual reception antenna
arrangement 25. The position of the virtual reception antenna
6' corresponds to the real position of the reception antenna 6
reflected on the reflection axis 26.

FIG. 4 shows, by way of example, microwave signals 35 of
a second group of signals which are used for the synthetic
focusing of the object under investigation 9. In this context, a
microwave signal 15 transmitted from a transmission antenna
5 initially strikes a reflector element 21 and is reflected from
there to the object under investigation 9 as a reflected micro-
wave signal 15". The signal 16 reflected from the object under
investigation 9 is received by a reception antenna 6 of the real
transmission and reception antenna arrangement 14. The
propagation path of the transmitted microwave signal 15'
corresponds to the signal 15 drawn with dotted lines, which is
transmitted from a virtual transmission antenna 5' of a virtual
transmission arrangement 24, in the case of a straight-line
propagation in which the signal is not reflected from the
reflector element 21. The position of the virtual transmission
antenna 5' is obtained from the position of the real transmis-
sion antenna 5 which is reflected on the extended reflection
axis 26 of the reflector element 21.

FIG. 5 shows a third group of signals 36 which is used by
the arrangement of the reflector element 21 for the synthetic
focusing and therefore for the reconstruction of an image of
the object under investigation 9 in addition to the directly
reflected microwave signals. In this context, the microwave
signal 15 is transmitted from a transmission antenna 5 of the
real transmission and reception antenna arrangement 14 and
reflected by the reflector element 21 onto the object under
investigation 9. The signal 16 reflected from the object under
investigation 9 once again strikes the reflector element 21 and
is reflected there and received as the signal 16' in the real
reception antenna 6 of the antenna arrangement 14. The
propagation path of the transmitted and respectively received
signal 15, 15', 16, 16' corresponds, in the case of a straight-
line continuation of the reflected signals, to a virtual object
under investigation 22. The spatial point 23 of the virtual
object under investigation 22 corresponds in this context to
the spatial point 19 of the real object under investigation 9,
which has been reflected on the reflection axis 26.

FIG. 6 shows the microwave signals received from the real
transmission and reception antenna arrangement 14. As
already described, these have been detected in their modulus
and the received phase. Using a Fourier transform, the signal
is converted from the frequency domain into the time domain.
The received microwave signal is therefore displayed accord-
ing to its delay time. The directly reflected microwave signals
37 have the shortest propagation path and accordingly fall
within a first time-window 31 in the antenna arrangement.
The microwave signals of the first and second group of micro-
wave signals corresponding to FIG. 3 and respectively FIG. 4
travel a longer propagation path and therefore fall within a
second time-window 32 in the antenna arrangement 14. The
limits t5, t, of the first time window 32 are formed by a
minimal and respectively maximal delay time of a microwave
signal which is reflected from a virtual transmission antenna
of the virtual transmission-antenna arrangement 24 via the
object under investigation 9 to a real reception antenna 14 or
respectively from a real transmission antenna 14 via the
object under investigation to a virtual reception antenna of a
virtual reception-antenna arrangement 25.

The limits ts, t; of the second time window 33 are formed
in a similar manner from the minimal and respectively maxi-
mal delay time of a microwave signal which is reflected from
a real transmission antenna via the virtual object under inves-
tigation 22 to a real reception antenna in the real transmission-
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antenna and antenna arrangement 14, determined. The limits
t,, t, of the zero time-window 31 are determined in the same
manner in a minimal and respectively maximal delay time of
the directly reflected microwave signal from the object under
investigation 9.

In the subsequent synthetic focusing, the microwave sig-
nals M(t) of the zero group 37, that is, microwave signals of
the zero time-window 31, are allocated to the real position of
the transmission antenna and the real reception antenna. For
the evaluation of the microwave signals M(t) of the first group
34 and second group 35, which are both disposed in the first
time-window 32, the position of the real transmission antenna
14 and the position of the virtual reception antenna 25 is used,
or respectively the position of the virtual transmission
antenna 24 and the position of the real reception antenna 14
are used.

For the evaluation of the microwave signals M(t) of the
third group 36, which are disposed in the second time window
33, the position of the real transmission-antenna arrangement
14 and the real reception-antenna arrangement 14 are used.
However, the resulting image points correspond to a virtual
object under investigation 22 reflected on the reflector ele-
ment 21. To achieve a more clearly visible display of the
object under investigation, the virtual object under investiga-
tion 22 is guided back by reflection onto an image of the real
object under investigation 9 and superimposed on the images
which result from the microwave signals from the zero and
first time windows 31, 32. Since the received microwave
signals from the first and the second time window are attenu-
ated through losses from reflection on the reflector element
and from the relatively longer delay time in air by comparison
with the directly reflected microwave signal, these are advan-
tageously weighted with a weighting factor which compen-
sates this attenuation.

FIG. 7 shows the object under investigation 9 together with
the antenna arrangement 14 and the reflector element 21. The
region 61 drawn with a continuous bold line is prepared as an
image from microwave signals of the zero time-window 31.
The region 62 marked with a dotted bold line can now be
additionally displayed through the evaluation of the micro-
wave signals of the first time-window 32 in addition to the
image 61. The region 63 marked with a bold dotted line is
determined through the synthetic focusing of the microwave
signals from the third time window. This very clearly shows
an extension of the illumination and therefore of the regions
of the object under investigation 9 capable of being imaged.

FIG. 8 shows a second exemplary embodiment with two
reflector elements 21, 27 and, by way of example, a propaga-
tion path of two microwave signals 15, 16, 16', 17, 18, 18'
capable of being used for the imaging. In this context, along-
side the microwave signals which are reflected from the
object under investigation and from the first reflector and
received in the antenna arrangement 14, the signals which are
reflected from the object under investigation and from the
second reflector element 27 and received by the antenna
arrangement 14 are also used for the reconstruction of the
object under investigation 9. The microwave signals 15, 16,
16' and respectively 17, 18, 18' and virtual reception-antenna
arrangements 25, 28 have been drawn by way of example.

In this context, the position of virtual reflected transmis-
sion antennas and respectively reception antennas, as
described in the previous example, are used for the synthetic
focusing. In order to allocate the signals reflected from a
further reflector element 27 and received in the antenna
arrangement 14 within the synthetic focusing to the positions
of the virtual reception-antenna arrangement 28 or respec-
tively of a virtual transmission-antenna arrangement, which
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is not illustrated, the several retlector units 21, 27 are arranged
respectively at a different spacing distance from the object
under investigation 9, so that the delay times of the respec-
tively reflected microwave signals 15, 16, 16, 17, 18, 18' do
not overlap. With the use of several reflector units 21, 27,
several regions which are not illuminated by directly reflected
microwave signals can be imaged.

In an exemplary embodiment which is not illustrated, a
movable reflector element is used. In this context, successive
measurements of the object under investigation can be imple-
mented with the reflector element which is arranged respec-
tively at a different position relative to the object under inves-
tigation, and accordingly, different regions of the object under
investigation 9 can be imaged in succession.

FIG. 9 shows a reflector unit 21, which preferably com-
prises three regions 40 separated from one another, which
each provide a diffuse reflecting surface. The regions 40 are
preferably attached at the edge of the reflector element 21 and
are recognisable when irradiated with microwave signals
through their diffuse reflection characteristic. Using the syn-
thetic focusing, the position of the regions 40 is determined
and can be used, for example, in order to specify the position
of'the reflector element in the focusing algorithm. The regions
40 can also be punched regions or bulges.

FIG. 10 shows a further exemplary embodiment of a reflec-
tor element 41 with a cylindrical surface. In this context,
regions 40' with a diffuse reflection characteristic are
arranged along the upper and lower edge of the reflector
element 41.

FIG. 11 shows a flow diagram of the method for extending
the illumination of an object under investigation with micro-
wave radiation. In the first method step 51, an object under
investigation is irradiated with a microwave signal from the
transmission antenna Tx. In method step 52, microwave sig-
nals M(9) are received at least in the reception antenna of an
antenna arrangement. In the next method step 53, the received
signal M(d) is converted by Fourier transform into the time
domain M(t).

In step 54, a zero, first and second time-window, and also
further time-windows in which the reflected microwave sig-
nals M(t) strike the reception antenna corresponding to their
propagation path, are determined with the use of several
reflector elements. In this context, the limits t;, t,, t5, t,, t5, tg
are determined as described with reference to FIG. 6.

In the next method step 55, the position of the virtual
transmission antenna (Tx) and of the virtual reception
antenna (Rx) is determined by reflection of the real transmis-
sion antenna and the real reception antenna on the reflector
element. Method step 55 can also be implemented before step
54 or after step 56. Optionally, the microwave signals of the
first and second time window 32, 33 can be weighted with a
compensation factor. This is specified in method step 56.

In the next method step 57, an image of the object under
investigation is calculated by synthetic focusing of the
received microwave signals, whereas the microwave signals
37 which are disposed in the zero time-window 31, are allo-
cated to the position of the real transmission antenna and the
real reception antenna. The microwave signals 34, 35 of the
first time-window 32 are allocated to the position of the real
transmission antenna and the virtual reception antenna and
the position of the virtual transmission antenna and the posi-
tion of the real reception antenna. Moreover, the microwave
signals 36, which are disposed in the second window 33 are
allocated to the position of the real reception antenna and the
real reception antenna.

After the synthetic focusing, in method step 58, the images
of microwave signals of the first time window 32 are option-
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ally overlapped by overlapping with the image which has
been generated from the directly reflected microwave signals
of the zero time-window 31. The image of the object under
investigation which has been generated through the reflected
microwave signals of the second time window 33 is combined
from the directly reflected microwave signals by reflection
back to the reflector element and subsequent overlapping with
the image.

FIG. 12 shows an exemplary image 60 of an object under
investigation, in this case a test dummy, which has been
prepared with the device according to the invention and as
specified according to the method of the invention. In this
context, the image 61 displayed on the left of the picture is
reconstructed from the directly reflected microwave signals
37. The image 62 and displayed in the right-hand half of the
picture shows the same object under investigation, but was
reconstructed from the microwave signals 34, 35 of the first
time window 32. It shows the lateral region of the arm of the
test dummy which is not visible in the image 61. Accordingly,
the image 62 significantly expands the visible region of the
object under investigation capable of being imaged.

All of the features described and/or illustrated can be
advantageously combined with one another within the frame-
work of the invention. The invention is not restricted to the
exemplary embodiments described.

The invention claimed is:

1. A method for extending the illumination of an object
under investigation, comprising:

illuminating the object under investigation with an electro-

magnetic microwave signal which is transmitted from at
least one transmission antenna;
receiving by at least one reception antenna the microwave
signal reflected from the object under investigation; and

reconstructing an image of the object under investigation
from the reflected microwave signal in a purely compu-
tational manner by synthetic focusing,

wherein at least one reflector element is arranged orien-

tated towards the object under investigation, and the
microwave signals reflected from the reflector element
and from the object under investigation are received in
every reception antenna and used for the reconstruction
ofthe image of the object under investigation in addition
to microwave rays from a transmission antenna which
strike the object under investigation without reflection
on the reflector element and are received by the recep-
tion antenna without reflection on the reflector element,
and

wherein a virtual position of a virtual transmission antenna

is determined through the reflection of a real position of
areal transmission antenna on the reflector element, and
a virtual position of a virtual reception antenna is deter-
mined through the reflection of the real position of a real
reception antenna on the reflector element.

2. The method according to claim 1, wherein the micro-
wave signals used for the synthetic focusing, which are trans-
mitted from a transmission antenna, are reflected from the
reflector element in a direction towards the object under
investigation and reflected from the object under investiga-
tion to a reception antenna, and/or

which are transmitted from a transmission antenna, are

reflected from the object under investigation in a direc-
tion towards the reflector element and reflected from the
reflector element to a reception antenna, and/or

which are transmitted from a transmission antenna, are

reflected from the reflector element onto the object
under investigation, reflected from the object under
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investigation to the reflector element and reflected from
there to a reception antenna.

3. The method according to claim 1, wherein only the
microwave signals received in a respective real reception
antenna which are received within a first time-window of
which limits are formed by a minimal and respectively a
maximal delay time of a microwave signal which is reflected
from a virtual transmission antenna via the object under
investigation to the real reception antenna or respectively
from a real transmission antenna via the object under inves-
tigation to a virtual reception antenna are allocated in the
synthetic focusing to a respective virtual transmission
antenna and the respective real reception antenna and respec-
tively to the respective real transmission antenna and the
respective virtual reception antenna.

4. The method according to claim 3, wherein the micro-
wave signals received in the respective real reception antenna
which are received within a second time-window of which the
limits are formed by the minimal and respectively maximal
delay time of a signal which is reflected from a real transmis-
sion antenna via a virtual object under investigation reflected
on the reflector element to a real reception antenna are allo-
cated in the synthetic focusing to a real transmission antenna
and a real reception antenna.

5. The method according to claim 4, wherein the deter-
mined position of the virtual object under investigation is
allocated by reflection on the reflector element to a real posi-
tion of the object under investigation.

6. The method according to claim 3, wherein the micro-
wave signals which are received in the first and/or second
time window are provided with a weighting factor which
compensates attenuation of the microwave signal through
reflection on the reflector element and attenuation of the
microwave signal through an increase in the delay time in air.

7. The method according to claim 1, wherein several reflec-
tor elements are positioned orientated towards the object
under investigation, and the microwave signals reflected
respectively from a reflector element and from the object
under investigation and/or the microwave signals reflected
via several reflector elements and from the object under inves-
tigation, are received in at least one reception antenna and
used for the reconstruction of the image of the object under
investigation.

8. The method according to claim 7, wherein the several
reflector elements are arranged at a respectively different
spacing distance from the object under investigation in such a
manner that the delay times of the microwave signals capable
of'being used respectively for the reconstruction of the image
do not overlap.

9. The method according to claim 1, wherein the reflector
element comprises at least three, mutually separate regions,
which each provide a diffuse reflecting surface, and the posi-
tion and the distance of the reflector element is determined
from microwave radiation which is reflected from these
regions.

10. A device for extending the illumination of an object
under investigation, comprising:

at least one transmission antenna which transmits an elec-

tromagnetic microwave signal in a direction towards the
object under investigation;
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at least one reception antenna which receives the micro-
wave signal reflected from the object under investiga-
tion; and
aprocessing unit configured to reconstruct an image of the
object under investigation from the reflected microwave
signal through a purely computational, synthetic focus-
g,

wherein at least one reflector element is arranged orien-
tated towards the object under investigation, and every
reception antenna is embodied to receive reflected
microwave signals from the reflector element and from
the object under investigation, and the processing unit is
embodied to use for reconstruction of the image of the
object under investigation the microwave signals
reflected from the reflector element and from the object
under investigation in addition to microwave rays from a
transmission antenna which strike the object under
investigation without reflection on the reflector element
and are received by the reception antenna without reflec-
tion on the reflector element, and

wherein a virtual position of a virtual transmission antenna

is determinable through the reflection of a real position
of a real transmission antenna on the reflector element,
and a virtual position of a virtual reception antenna is
determinable through the reflection of a real position of
a real reception antenna on the reflector element.

11. The device according to claim 10, wherein the process-
ing unit uses the microwave signals for the synthetic focusing
which are transmitted from a transmission antenna and
reflected from the reflector element in a direction towards the
object under investigation and reflected from the object under
investigation to a reception antenna, and/or

which are transmitted from a transmission antenna,

reflected from the object under investigation in a direc-
tion towards the reflector element and reflected from the
reflector element to a reception antenna, and/or

which are transmitted from a transmission antenna, are

reflected from the reflector element onto the object
under investigation, reflected from the object under
investigation to the reflector element and reflected from
there to a reception antenna.

12. The device according to claim 10, wherein the position
of the reflector element is variable.

13. The device according to claim 10, wherein several
reflector elements are arranged orientated towards the object
under investigation.

14. The device according to claim 13, wherein the several
reflector elements are positioned at a respectively different
spacing distance from the object under investigation, so that
delay times of the microwave signals capable of being used
respectively for the reconstruction of the image do not over-
lap.

15. The device according to claim 10, wherein the reflector
element comprises at least three, mutually separate regions,
which each provide a diffuse reflecting surface, and

wherein the processing unit determines the position and

distance of the reflector element from microwave radia-
tion which is reflected from the regions.

16. The device according to claim 10, wherein the at least
one transmission antenna and at least one reception antenna
are embodied as an active multi-static array.
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